Background: Seasonal influenza vaccination is recommended for all asthma patients. Persons with work-related asthma may have more severe disease than those with non-work-related asthma and may particularly benefit from receiving influenza vaccination.
Introduction

I
n 2010, an estimated 18.7 (8.2%) million U.S. adults had asthma. 1 Asthma was the most frequently reported comorbid condition among patients hospitalized with 2009 H1N1 influenza. 2 Annual influenza vaccination is the most effective method for preventing infection with influenza virus, preventing infection-associated complications, and reducing work absenteeism. [3] [4] [5] [6] In 2006-2009, annual influenza vaccination was recommended for adults with asthma. 4, [7] [8] [9] [10] [11] Work-related asthma (WRA) is asthma that is caused or exacerbated by work-related factors. 12 We previously reported that among adults with current asthma, 9% were diagnosed with WRA and an additional 38% describe their asthma as caused or worsened by workplace exposures (possible WRA). 13 Persons with WRA have lower SES and may have more severe disease than those with non-WRA. [13] [14] [15] Therefore, persons with WRA may be at higher risk for severe asthma exacerbation associated with influenza virus infection than those with non-WRA. 16, 17 Although previous studies have examined influenza vaccination coverage in persons with asthma, no information is available for those with WRA. [18] [19] [20] Data from the 2006-2009 Behavioral Risk Factor Surveillance System (BRFSS) Asthma Call-Back Survey (ACBS) were analyzed to determine influenza vaccination coverage differences among individuals with WRA and non-WRA.
Methods
A detailed description of the survey methods is available elsewhere. [21] [22] [23] Classification of asthma, asthma-related healthcare utilization, asthma outcomes, and asthma control were based on previously used definitions. [13] [14] [15] Participants with current asthma were classified as having WRA (diagnosed), possible WRA, and non-WRA (referent group). Influenza vaccine recipients were those who received an influenza vaccine injection or nasal spray. Number of physician contacts for asthma in the past 12 months was calculated based on information on the number of doctor's visits for routine asthma checkup, urgent treatment of worsening asthma symptoms, or an asthma episode or attack, as well as the number of asthma-related emergency room visits.
Statistical Analysis
Analyses were performed in 2013 following previously used methods using SAS, version 9.3 (SAS Institute Inc., Cary NC) and SUDAAN, Release 10.0.1 (Research Triangle Institute, Research Triangle Park NC). 15, 23 We restricted analyses to adults aged 18-64 years with current asthma because of the age-and condition-specific recommendations for influenza vaccinations during 2006-2009.
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Results
A total of 55,105 adults aged Z18 years ever diagnosed with asthma participated in ACBS in 2006-2009; of these a total of 28,809 (representing an estimated annual average of 14.4 million) adults with current asthma aged 18-64 years were included in this analysis. The median response rates among the 38 states and District of Columbia providing data for this report ranged from 47.5% to 51.4% for BRFSS and 47.2% to 54.3% for ACBS. 21, 22 Of all adults aged 18-64 years with current asthma, an estimated annual average 42.7% received influenza vaccination during 2006-2009 (range: 25.8% for persons with no health insurance to 60.3% for those who stayed overnight in a hospital) ( Table 1) . Although coverage was higher among adults with WRA than those with non-WRA (48.5% vs 42.8%, respectively), the association between WRA status and vaccination coverage was not significant after adjusting for covariates (adjusted prevalence ratio¼1.08; 95% CI¼0.98, 1.20) .
Influenza vaccination coverage and multivariate logistic regression results for influenza vaccination by WRA status are shown in Table 2 . Influenza vaccination coverage among persons with non-WRA (an estimated 7.7 million) ranged from 26.1% among persons with no health insurance to 61.2% among those who stayed overnight in a hospital because of asthma in the past 12 months.
On multivariate analysis, among persons with non-WRA, vaccination coverage was significantly higher in subgroups similar to those for all adults with current asthma. Influenza vaccination coverage among persons with WRA (an estimated 1.3 million) ranged from 36.6% among non-Hispanic blacks to 58.6% among Hispanics and was significantly associated with age 50-64 years, lack of employment, and receiving urgent treatment for worsening asthma. Overall, vaccination coverage was significantly higher among asthmatics with a history of at least one physician contact in the previous year compared with those with no contact (Table 2) .
Discussion
In this population-based study, the estimated annual average influenza vaccination coverage during 2006-2009 in adults aged 18-64 years was 48.5% in those with WRA and 42.8% in those with non-WRA. These rates were higher than those of the general age-matched U.S. adult population during the 2006-2007 season (39.9%) but less than the Healthy People 2010 target of 60%. 19, 24 These results are similar to other studies showing that vaccine uptake in adults is suboptimal. 19, 20, [25] [26] [27] The notable vaccination coverage difference among adults with WRA was the increased likelihood of vaccination among the unemployed. This may reflect the association between severity of WRA and job loss. 28, 29 Barriers to vaccination include lack of knowledge about these vaccines among adult patients and healthcare providers, the perception of feeling healthy, vaccine safety concerns, vaccination costs, lack of health insurance, and lack of financing mechanisms. 25, 30 Low influenza vaccination coverage among employed adults and those with routine asthma checkups may indicate missed opportunities for vaccination.
Also, contrary to previous reports, 27, 31 among all asthma patients with at least one physician visit, influenza vaccination coverage did not increase with increasing number of physician contacts. 9 No data were available in the ACBS to examine potential factors (e.g., vaccine availability, vaccination policies, public and clinician knowledge and practices, person's belief that they were in a high-risk group) that would explain why vaccination opportunities have been missed. 8, 30, 32 The use of electronic health records with clinical decision support and physician prompts may improve influenza vaccination rates. 33 Additionally, influenza vaccination coverage may be increased by offering and improving vaccination in workplaces. 34 Blank et al. 30 reported that the most important motivating factors for receiving influenza vaccine in the U.S. were media advertising, physician's advice, and advice from family, friends, or relatives. The authors concluded that improvement in vaccine coverage rates can be achieved by accurate communication of health information, particularly by physicians. Similar results have been reported by others. 32, 35, 36 Across all analyzed groups, the lowest influenza vaccination coverage was noted among persons without health insurance. In the coming years, access to medical care and preventive services, including influenza vaccination, is expected to improve owing to passage of the Patient Protection and Affordable Care Act of 2010. 27, 37 Information on asthma and influenza vaccination was not validated; thus, estimates may be subject to misclassification. However, previous studies have found self-report of adult influenza vaccination to be reliable compared with reviews of medical records. 38, 39 This analysis used combined data years and influenza vaccination reported in the past 12 months rather than influenza seasonspecific coverage, which may produce different vaccination prevalence (cdc.gov/flu/fluvaxview/index.htm).
The cross-sectional design of BRFSS does not allow for examination of causal associations between adverse asthma outcomes and receiving influenza vaccination. For example, it is not clear whether influenza vaccination occurred before, during, or after unscheduled asthma treatment. Also, during 2006-2009, persons who resided in households that lacked a landline telephone and those who only used cellular telephones were not interviewed, likely resulting in vaccination coverage overestimatation. 40 Finally, estimates are limited to the 38 states and District of Columbia and do not represent the entire U.S. population.
Conclusions
More effective influenza vaccination and communication strategies are needed to meet the updated Healthy People 2020 goal of increasing annual influenza vaccination coverage among adults aged Z18 years to 70%.
